Dantrolene, a skeletal muscle relaxant, has been proven prophylactic and therapeutic for malignant hyperthermia (MH) in swine. This study examined the feasibility of using a dantrolene dose response as measured by indirectly evoked foretoe twitch depression as a means to safely discriminate MH susceptibility in swine. The effect of halothane on the dantrolene response was quantified. Subjects were five Poland China malignant hyperthermia susceptible (MHS) and five Hampshire malignant hyperthermia resistant (MHR) swine. Dantrolene dose response was determined twice in each anaesthetized subject, once with thiopentone and subsequently with thiopentone and halothane. Dantrolene in incremental doses, 0.15 rag. kg -~ , was given to a cumulative dose of 2-3 mg. kg-L Under thiopentone anaesthesia, the dantrolene dose responses were similar in MHS and MHR animals. The presence of halothane augmented dantrolene twitch depression in MHS but not MHR animals when compared to their response under thiopentone. Under halothane, the MHS animals had significantly augmented dantrolene response compared to MHR pigs, but three MHS animals had developed the MH syndrome prior to receiving dantrolene. We conclude that dantrolene muscle relaxant dose response cannot be used as a diagnostic test for MHS in swine. Halothane augments dantrolene twitch depression in MHS swine.
VARIOUS TESTING METHODS have been proposed to discriminate malignant hyperthermia (MH) susceptibility in man or swine: serum crealine phosphokinase, ~'-' serum pyrophosphate, 3 platelet aggregation, 4 platelet metabolism, s skeletal muscle contracture response, 6'7 mitochondrial adenosine triphosphate depletion, s sarcoplasmic reticulum vesicle calcium binding, 9 skeletal muscle motor unit counting, a~ neutron activation analysis for bone calcium, ~ histology/2 and halothane-succinyleholine anaesthetic challenge. ~3 All have one or more major drawbacks for routine human testing; proven accuracy, availability, monetary cost, or unacceptable risk.
Dantrolene, a skeletal muscle relaxant has been shown prophylactic and therapeutic for MH in swine. ~4-1s The present study was undertaken to determine if a dantrolene dose response as measured by indirectly evoked muscle twitch tension could be used to determine MH suseepti-E.H. Flewellen, M.D., Assistant Professor, Department of Anesthesiology; T.E. Nelson bility safely in swine. The effect of halothane on the dantrolene dose response was also evaluated.
METHOD
Several weeks prior to these experimental procedures, malignant hyperthermia susceptibility (MHS) or resistance (MHR) was determined by in vitro caffeine and halothane skeletal muscle contracture testing in all subjects. ~9 Five purebred Poland-China litter mates of both sexes were found to be MHS and five purebred Hampshire litter mates of both sexes were found to be MHR. A dantrolene dose response curve was then determined twice in all subjects, first under thiopent oxygen anaesthesia and again 2 to 4 weeks later, under thiopenlone-halothaneoxygen anaesthesia.
Indirectly evoked foretoe twitch tension was transduced and recorded as previously described. 2~ Briefly, the forefoot was restrained in a plexiglass holder, the median nerve was stimulated through percutaneous wire electrodes at the elbow, and toe flexion tension was quantified. A dantrolene dose response was determined by assessing twitch tension depression to incremental intravenous bolus doses of 0.15mg.kg -~ to a cumulative dose of 2-3mg.kg-'. Dantrolene solution, I mg]ml, was prepared fresh daily by dissolving I g of purified powder (Norwich-16 Canad. Anaesth. Soc. J., vol. 27. no. I, January 1980 Eaton), NaOH 0. I 13 g, mannito143.4 g in one l itre of distilled water.
Initially, the MHS animals weighing 37 ___ 3 kg (-I-SE) were anaesthetized with intravenous thiopentone 52 mg. kg-t(___2 SE) prior to receiving dantrolene. After orotracheal intubation oxygen WAS provided at a flow of 4 litres/min in a semiclosed circle carbon dioxide absorption system. Arterial pressure (superficial femoral artery), electrocardiogram, percent peak expired carbon dioxide and rectal temperature were monitored continuously and recorded. Arterial gases and pH were determined before and after dantrolene was administered. During this series animals breathed spontaneously. In the halothane series the animals weighed 49.7kg (+3 SE) and thiopentone induction and tracheal intubation were accomplished as before and mechanical ventilation was instituted to maintain a constant peak expired carbon dioxide level. Halothane, 1.5 per cent initially, was then introduced into the breathing circuit and the end-tidal level was monitored and controlled to maintain a concentration of 0.8 per cent, approximating I MAC halothane. Halothane was administered for one hour before a dantrolene dose response was initiated. Arterial blood gases and pH were determined before and after the dantrolenc administration.
Initially MHR animals, weighing 14.2 kg (4-0.8 SE) were induced and maintained with thiopentone 55 rag-kg -~ (+ 1 SE) and oxygen was given (spontaneous respiration allowed) as in the MHS series. Electrocardiogram, per cent peak expired carbon dioxide and rectal temperature were monitored continuously. Halothane was administered just as to the MHS group. Dantrolene dose response was then determined. Subjects weighed 17 kg (+_0.7 SE). Arterial pressure and blood gases were monitored before and after dantrolene administration.
Variance of the means reported within this text are expressed as + standard errors of the means (4-SE). Evaluation of data for twitch depression was by analysis of variance procedures for repeated measures design. Specific simple effects comparing animals which received halothane to controls at each dantrolene concentration were studied within both MHR and MHS groups, as well as between groups. Simple effects were tested by pooling appropriate error terms from the analysis of variance and by adjusting degrees of freedom to ensure a conservative test. Values were determined significant at the p _< 0.05 level. RESULTS 
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Results for the dantrolene dose responses are shown in Figures 1 to 4 . Statistical evaluation was carried out on only the steep portion of the dose response curves lying between a cumulative dantrolene dose of 0.15 and 1.50 mg-kg i.
The dantrolene dose response curves for MHS animals anaesthetized with thiopentone and similarly treated MHR animals are shown in Figure 1 . The MHS group showed consistently higher mean values of twitch depression but significant differences were not evident at any dantrolene dose.
When halothane was administered to the MHS animals, the MH syndrome was observed in three of the five subjects prior to administration of dantrolene. MH was considered to have been triggered with the observation of mixed respiratory and metabolic acidosis, elevation of peak expired carbon dioxide and hind limb extensor rigidity. Dantrolene produced significantly greater twitch depression (p >-0.035) in the presence ofhalothane at all doses except 1.35 and 1.50 rag. kg -I (Figure 2) .
The dantrolene dose response with halothane anaesthesia in the M HR animals is shown in Figure  3 . Mean twitch depression was consistently higher in the presence of halothane compared to thiopentone treatment in the same animals. In contrast to the MHS group, these differences were not significant at any dantrolene dose. The largest means difference (9.6 per cent) occurred at the 1.2mg. kg -~ dantrolene dose level (p = 0.155).
Comparison of the dantrolene effect on twitch response in the two halothane treated, not triggered, MHS animals to the MHR halothane series resulted in significant mean differences (p < 0.025) for doses 0.30 through 1.05 rag. kg-~ but not at the extremes of the response (Figure 4) . Dantrolenc also produced greater twitch depression in the three halothane triggered MHS subjects compared to the MHR halothane series, where highly significant differences (p < .007) existed for dantrolene doses 0.15 through 0.75rag. kg -~ (Figure 4) . No significant difference was observed at the upper end of the response, at doses of 0.90 through 1.50 rag. kg -~ .
In the thiopentone series, between and among the MHS and MHR groups there was no difference for heart rate or end-tidal carbon dioxide before and after dantrolene ( Table I ). The MHS group had a significantly higher rectal tempera- ture at each measurement period but neither group changed with dantrolene administration (Table 1) .
Within the MHS group there were significant differences in monitored parameters comparing the thiopentone to the halothane series (Table I) . These differences were due to triggering of the MH syndrome in three of the halothane-treated animals.
Within the MHR group there were significant differences in heart rate comparing the thiopentone to the halothane series. The peak expired carbon dioxide or arterial carbon dioxide values do not suggest any differences in acid-base status (Table I) .
DISCUSSION
A dantrolene dose response cannot be used as a diagnostic test for MH, based on the results of this study. We were unable to detect any significant difference in the response curves of the MHS and MHR subjects (Figure 1) . It is of interest that per cent twitch depression for a given dantrolene dose was consistently higher in the MHS group and perhaps a larger series of animals would produce significant differences 9
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/o ~M ~ ~I OPENTAL However, these results do not suggest that a clear enough separation would exist to use the procedure as a diagnostic test for MH susceptibility. We speculate that MH skeletal muscle functions as normal muscle unless triggered by a stress, eithcr physiological or pharmacological, and thus any diagnostic procedure of acceptable accuracy involving skeletal muscle must involve a triggering stimulus. Dantrolene does not stress MH skeletal muscle, but antagonizes the abnormal physiological MH state.
Dantrolene appears"to cause skeletal muscle relaxation by blocking excitation-contraction (E-C) coupling by decreasing the amount of calcium released from sarcoplasmic reticulum. 2''~z The aetiology of MH in skeletal muscle has not been determined but evidence points to a lesion in E-C coupling or sarcoplasmic reticulum function. t9 Halothane, in clinical concentrations, has no significant effect on in vivo twitch tension in normal skeletal muscle. 23 Thus we would not expect halothane to alter dantrolene effect in normal muscle (Figure 3) . No significant effect of methoxyflurane on dantrolene dose responses was observed in sheep. TM Halothane does, however, augment twitch tension in skeletal muscle strips h~ vitro, and appears to produce this effect In conclusion, dantrolene-induced twitch depression cannot be used to discriminate MH susceptibility in swine. Halothane augments dantrolene skeletal muscle twitch depression in MH susceptible swine but does not in normal subjects. An accurate, low-risk, readily available, and inexpensive diagnostic procedure for MH susceptibility has yet to be discovered.
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